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(11) Thermal conduction layer 208 is | 
illustrated as being separated from dice 

132 by internal signal layer 204. In an | 
alternative embodiment, the positions 
of thermal conduction layer 208 and internal! 
signal layer 204 can be exchanged. 
This would enhance the heat transfer 
characteristics of the package. In this 
alternative embodiment, where an 
electrically conductive material is used for| 

thermal layer 208, traces in signal layer 
204 would require insulated vias or 
other like pathways through the thermal 
conduction layer 208. 

(12) Thermal vias and thermal pads 209 may| 
be optionally included 

interconnect device 112 to further aid heat | 
removal. 

(13) In FIG. 2, interconnect device 112 is| 
illustrated as having a plurality 

of rigid sections 104 coupled to one another! 
by flex sections 108. Flex 

sections 108 allow the rigid sections 104 to| 
be folded on top of one another to 
form the stack. Alternatively, interconnect! 
device 112 can be made entirely of 
a flexible material such as flexible printed? 
circuit. Flexible printed circuit 
is a thin, ribbon-like circuit which is 
formed by sandwiching a plurality of j; 
copper traces between two layers of flexible;! 
insulating material, such as j! 
polyimide. Polyimide is available from E.I.| 
DuPont De Nemours & Company, \ 
Wilmington, Del. Flexible printed circuit 
materials can be made-to-order 
(i.e., from customer-supplied 
specifications) from Rogers Corporation, 
Flexible | 
Interconnections Division, Chandler, Arz., 
U.S.A. 

(14) 3. Single-sided Connection 
Embodiments | 

(15) FIG. 3 is a diagram illustrating a 
cross sectional view of interconnect 
device 112 with die 132 mounted thereon and I 
folded into a memory stack 304. 

Each die 132 is mounted on a rigid section 

104 of interconnect device 112. 

Each die 132 can include an overmold 404 

(illustrated in FIG. 4) or can 

otherwise be encapsulated for protection. 

FIG. 4 is a diagram illustrating a 

perspective view of memory stack 304. 

(16) Referring now to FIGS. 3 and 4, 
interconnect device 112 is folded, 
preferably in an accordion-like fashion, so | 
that dice 132 are effectively 
stacked on top of one another. 



A thermal 

plane 308 is positioned between fold 
of interconnect device 112 to help c| 
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(11) Thermal conduction layer 208 is f 
illustrated as being separated from dice f 
132 by internal signal layer 204. In an 
alternative embodiment, the positions 

of thermal conduction layer 208 and internal;; 
signal layer 204 can be exchanged. 
This would enhance the heat transfer | 
characteristics of the package. In this 
alternative embodiment, where an 
electrically conductive material is used fori 

thermal layer 208, traces in signal layer 
204 would require insulated vias or 
other like pathways through the thermal 
conduction layer 208. f 

(12) Thermal vias and thermal pads 209 may!: 
be optionally included 

interconnect device 112 to further aid heat | 

removal. | 

(13) In FIG. 2, interconnect device 112 is| 
illustrated as having a plurality 

of rigid sections 104 coupled to one another!! 
by flex sections 108. Flex 

sections 108 allow the rigid sections 104 to 
be folded on top of one another to 
form the stack. Alternatively, interconnect 
device 112 can be made entirely of 
a flexible material such as flexible printed 
circuit. Flexible printed circuit 
is a thin, ribbon-like circuit which is 
formed by sandwiching a plurality of 
copper traces between two layers of flexible 
insulating material, such as 
polyimide. Polyimide is available from E.I. 

DuPont De Nemours & Company, 
Wilmington, Del. Flexible printed circuit 
materials can be made-to-orde r 
(i.e., from customer-supplied 
specifications) from Rogers Corporation, 
Flexible 

Interconnections Division, Chandler, Arz., 
U.S.A. 

(14) 3. Single-sided Connection 
Embodiments 

(15) FIG. 3 is a diagram illustrating a 
cross sectional view of interconnect 
device 112 with die 132 mounted thereon and 
folded into a memory stack 304. 

Each die 132 is mounted on a rigid section 

104 of interconnect device 112. 

Each die 132 can include an overmold 404 

(illustrated in FIG. 4) or can 

otherwise be encapsulated for protection. 

FIG. 4 is a diagram illustrating a 

perspective view of memory stack 304. 

(16) Referring now to FIGS. 3 and 4, 
interconnect device 112 is folded, 
preferably in an accordion-like fashion, so 
that dice 132 are effectively 

stacke d o n top of one another. A thermal 
plane gyg is positioned between folds 
of interconnect device 112 to help conduct 
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s e c ti 6ns '& 2',' ' a s shown in FTGr . z A . Tt ||| 
should be noted that the plurality of solderp^ 
balls 60 on the first package 
element 50 is bonded to a printed circuit 
board (PCB) 84 through a plurality of 
conductive pads (not shown) on the surface 
of the PCB 84. The package 80 is 

formed by first £oi'SH':9. .J:hS..^S!^?J:S.^:.f:. 44 I 
onto itself, and"' then bonding the IC 
dies 52 together in a back-to-back 
relationship by an adhesive 70 dispensed 
onto the IC chip 52 on its inactive surface Ij; 
72. The metal lead layer 46 
provides electrical communication between 
the IC dies 52 and can be arranged in 
any suitable configuration for a specific 
circuit. | 

(10) A stacked package 80 that further 
incorporates a plurality of heat sinks 
86 bonded in-between the IC dies 52 and 
in-between the substrates 54 is shown 
in FIG. 2B. It is seen that in this 
configuration, the heat dissipation from 
the IC dies 52 can be significantly 
enhanced. The heat sinks 86 can be 
suitably provided in a thermally conductive | 
material such as aluminum. 

(11) A first alternate embodiment of the 
present invention stacked 

semiconductor package is shown in FIGS. 3A 
and 3B. The stacked package 90 is 
formed by four package elements 50,74,76 andjij 
78 similar to that in the | 
preferred embodiment, however, with the f 
U-shaped substrate 82 removed I 
in-between the package element 74 and the 
package element 76. The electrical 
communication between the IC dies 52 in the | 
second package element 74 and the 
third package element 76 is established, 
instead of by the metal lead layer 46, 
by a plurality of solder balls 92. The 
first alternate embodiment package 90 
is further shown in 



FIG. 3B with imprc 
tharina.i. dissipation by utilizinq 
plurality, of heat sinks 86. I 



(12) A second alternate embodiment of the f 
present invention stacked f 
semiconductor package 100 is shown in FIGS. | 
4A and 4B. In this second 

alternate embodiment, which is substantially;;: 
similar to the preferred 

embodiment, the package 100 can be mounted 

to a printed circuit board 84 in a 

vertical position. The mounting is achieved! 

by a solder bump 94 while the 

package 100 is bonded to the printed circuit;! 

board 84 by an epoxy adhesive 70. 

The second alternate embodiment package 100 | 

further provides the benefit that a 

smaller PCB real-estate is required for 

mounting the package to the PCB. The 

package 100 may further incorporate a 

plurality of heat sinks 86, as shown in 

FIG. 4B. 1 
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sections a2', as shown "in TjTGTT za. it ||| 
should be noted that the plurality of solderp* 
balls 60 on the first package | 
element 50 is bonded to a printed circuit 
board (PCB) 84 through a plurality of 
conductive pads (not shown) on the surface 
of the PCB 84. The package 80 is 
formed by first folding the m subs teat e 44 
onto itself, and then bonding the IC 
dies 52 together in a back-to-back 
relationship by an adhesive 70 dispensed 
onto the IC chip 52 on its inactive surface | 
72. The metal lead layer 46 
provides electrical communication between 
the IC dies 52 and can be arranged in 
any' suitable configuration for a specific 
circuit. | 

(10) A stacked package 80 that further 
incorporates a plurality of heat sinks | 
86 bonded in-between the IC dies 52 and | 
in-between the substrates 54 is shown 
in FIG. 2B. It is seen that in this | 
configuration, -the heat dissipation from 
the IC dies 52 can be significantly 
enhanced. The heat sinks 86 can be 
suitably provided in a thermally conductive f 
material such as aluminum. 

(11) A first alternate embodiment of the 
present invention stacked 

semiconductor package is shown in FIGS. 3A 
and 3B. The stacked package 90 is 
formed by four package elements 50,74,76 andjij 
78 similar to that in the 
preferred embodiment, however, with the 
U-shaped substrate 82 removed 
in-between the package element 74 and the 
package element 76. The electrical 
communication between the IC dies 52 in the | 
second package element 74 and the 
third package element 76 is established, 
instead of by the metal lead layer 4 6, 
by a plurality of solder balls 92. The 
first alternate embodiment package 90 
is further shown in 



FIG. 3B with i rnp r ove d 
t:n# viwai dissipation by utilizir 
plurality of heat sinks 86. 



(12) A second alternate embodiment of the 
present invention stacked 

semiconductor package 100 is, shown in FIGS. 
4A and 4B. In this second 

alternate embodiment, which is substantially 
similar to the preferred 

embodiment, the package 100 can be mounted 
to a printed circuit board 84 in a 
vertical position. The mounting is achieved: 
by a solder bump 94 while the 
package 100 is bonded to the printed circuit; 
board 84 by an epoxy adhesive 70. 
The second alternate embodiment package 100 i 
further provides the benefit that a 
smaller PCB real-estate is required for 
mounting the package to the PCB. The 
package 100 may further incorporate a 
plurality of heat sinks 86, as shown in 
FIG. 4B. 
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which, in the illustrated exemplar, 
are EBB bonding connections. Die pads 24 
are just one type of die connective 
site that may be employed in the present 
invention. Other die connective sites 
such as flip-chip, tab and connective rings, | 
balls, or pads may be employed. | 
Die connective sites may also be construed 
to include combinations of such 
structures to provide a connective site for | 
the die. Wire bonding is well 
known in the art and those of skill will f 
appreciate that many other methods may 
be used to provide connections 20 between 
die 16 and the flex circuitry § 
employed for the invention. For example, 
tab or flip-chip or other attachment 
techniques known in the art can be 
profitably used to implement connections 20. § 

Those of skill will also appreciate that die§ 

pads 24 of die 16 can be arranged 

in a variety of configurations across the 

IC. As is known in the art, through 

die pads 24, die 16 expresses data and f 

instructions as well as ground and 

voltage connections. 

[0030] Flex 18 may be configured to § 
interconnect to die 16 with other § 
connective configurations. For example, as f 
a variant on the flip-chip | 
connectivity scheme, flex attachments 26 may! 
be placed on the side of flex 
circuits 18 opposite that shown in FIG. 2 to| 
place the flex attachments 26 
immediately adjacent to the surface of die 
16 to provide direct connection | 
between die 16 and flex circuitry 18. It 
should also be understood that in the § 
preferred embodiment shown in FIG. 1, two 
flex circuits 18 are employed but 
implementations of the invention can be 
devised using one flex circuit 18. 

[0031] FIG. 3 depicts an elevation view of 

an integrated lower stack element 12 

before its assembly into a module 10. Die 

16 is placed adjacent to flex 

circuits 18 and fixed in place with adhesive | 

28. A variety of adhesive methods 

are known in the art and, in a preferred 

embodiment, an adhesive is used that 

has thermally conductive properties. 



[0032] With reference to FIG. 4, in a 
preferred embodiment, portions of flex 
circuits 18A and 18B are fixed to die 16 by 
adhesive 28 which may be a liquid 
or tape adhesive or may be placed in 
discrete locations across the package. 
When used, preferably, adhesive 28 is 
thermally conductive. Adhesives that 
include a flux are used to advantage in some 
steps of assembly of module 10. 
Layer 28 may also be a thermally conductive 
medium or body to encourage heat 
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(11) Thermal conduction layer 208 is 
illustrated as being separated from dice 
132 by internal signal layer 204. In an 
alternative embodiment, the positions 

of thermal conduction layer 208 and internal! 
signal layer 204 can be exchanged. 
This would enhance the heat transfer 
characteristics of the package. In this 
alternative embodiment, where an 
electrically conductive material is used fori 

thermal layer 208, traces in signal layer 
204 would require insulated vias or 
other like pathways through the thermal 
conduction layer 208. 

(12) Thermal vias and thermal pads 209 may!; 
be optionally included 

interconnect device 112 to further aid heat | 
removal. 

(13) In FIG. 2, interconnect device 112 is| 
illustrated as having a plurality 

of rigid sections 104 coupled to one another! 
by flex sections 108. Flex 

sections 108 allow the rigid sections 104 to| 
be folded on top of one another to | 
form the stack. Alternatively, interconnect! 
device 112 can be made entirely of | 
a flexible material such as flexible printed! 
circuit. Flexible printed circuit | 
is a thin, ribbon-like circuit which is 
formed by sandwiching a plurality of 
copper traces between two layers of flexible! 
insulating material, such as 

polyimide. Polyimide is available from E.I.I 
DuPont De Nemours & Company, | 
Wilmington, Del. Flexible printed circuit 
materials can be made-to-orde r 1 
(i.e., from customer-supplied 
specifications) from Rogers Corporation, | 
Flexible | 
Interconnections Division, Chandler, Arz., 
U.S.A. | 

(14) 3. Single-sided Connection 
Embodiments 

(15) FIG. 3 is a diagram illustrating a 
cross sectional view of interconnect 

device 112 with die 132 mounted thereon and | 

folded into a memory stack 304. 

Each die 132 is mounted on a rigid section 

104 of interconnect device 112. 

Each die 132 can include an overmold 404 

(illustrated in FIG. 4) or can 

otherwise be encapsulated for protection. 

FIG. 4 is a diagram illustrating a 

perspective view of memory stack 304. 

(16) Referring now to FIGS. 3 and 4, 
interconnect device 112 is folded, 
preferably in an accordion-like fashion, so | 
that dice 132 are effectively 

stacke d o n top of one another. A thermal 
plane gig is positioned between folds 
of interconnect device 112 to help conduct 
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Detailed Description Text - DETX (11) : | 
Only one semiconductor chip 111 is shown | 
in FIG. 1, except for the first 
semiconductor chip 101 that is a supporting | 
substrate. However, a plurality of 
chips can be fixed over the first 
semiconductor chip 101 if there is a 
necessity. Each of chip can be selected for| 
a purpose. Therefore, there may 
be a variety of combinations of chips, for 
example, a memory chip and a logic 
chip, a memory chip and a memory .chip fM or a | 
logic chip and a logic chip . 
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ide variety of combinations | 
/have been proposed. However to 
date, combining RF chips and digital chips 
in a tightly packed, stacked 
arrangement has been avoided. This is due 
to the sensitivity of the RF chip or 
module to noise interference from other IC 
devices. To avoid this signal 
interference, RF chips are typically 
isolated physically from digital chips. 
They may be mounted on the same motherboard, 
but usually occupy a separate 
space on the board. 



Detailed Description Text - DETX (17) : 

As shown in FIG. 4, the IC array with thej; 
larger footprint will be mounted 
on the top side of the flexible substrate, 
where the footprint may exceed the 
area of the openings in the support 
substrate 57. Where the multi-chip package jj 
contains memory and logic chips, it is 
preferred that the memory chips be 
mounted on one side of the flexible 
substrate, where interconnections between 
memory chips, especially the V.sub.DD and 
V.sub.SS busses, are conveniently 
accommodated, and the IC logic chips mounted;! 
on the other side of the flexible 
substrate. The memory chip array will 
typically be the larger array and thus 
mounted, in the arrangement of FIG. 4, on 
the side of the flexible substrate 
that is unconstrained, i.e. is not bonded tof 
the support substrate. 
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